Aim: Hospital length of stay (LOS) is one of the stratified measures of health-care efficiency and is commonly used to assess performance of psychiatric care. The aim of this study was to identify risk factors for prolonged LOS of psychiatric patients.
I
MPROVING THE QUALITY of health-care and health-sector efficiency is one of the most important tasks in most developed countries. 1 Length of stay (LOS) is considered an important indicator of the quality of inpatient psychiatric care, 2,3 although it does not necessarily reflect the quality of psychiatric care. LOS has also been widely used to assess the efficiency of bed use, which is associated with cost.
It is well known that the hospital LOS in Japan is much longer than in other OECD countries. 4 In particular, it has often been pointed out that the average LOS of patients admitted to hospitals for treatment of mental disorders in Japan is extremely long compared to other OECD countries, although each country has its own health-care policy and health-care delivery system. Considering this situation, the Ministry of Health, Labour, and Welfare of Japan issued a report, 'Mental Health and Welfare Reform Vision,' in September 2004. 5 The report sets general goals for the next 10 years to reform mental health and medical welfare from 'hospital-based medical treatment to community-based care.' 6 Recently, the median LOS of newly admitted psychiatric patients has become shorter in Japan. In 2014, it was less than 60 days. 7 However, factors associated with early discharge from psychiatric beds are not consistent in Japan, though there have been some previous studies. 8, 9 An excessive LOS has a negative impact on not only health-care outcomes but also greater patient cost burden. Thus, it is important to identify risk factors associated with prolonged LOS, which would inform policy-makers and facilitate identification of high-risk patients for future targeted intervention.
Some previous studies have investigated the factors affecting LOS among psychiatric patients. Such factors included older age, 10 diagnosis of schizophrenia, 10, 11 and lower Global Assessment of Functioning (GAF) score. 11, 12 However, most studies have been based on a single center or selected catchment area, 10, 11, [13] [14] [15] potentially limiting their external validity.
Use of an administrative medical database is one way to improve the above-mentioned settings. Most industrialized countries have administrative medical databases derived from mixed-case-based reimbursement systems that have become the basis of paying hospitals in these countries. 16 In these countries, many studies using administrative databases have been performed, including in psychiatric fields. 12, 17, 18 Japan introduced a mixed-case-based system in 2004, which is a diagnosis procedure combination/per-diem payment system (DPC/PDPS), and quite a few studies have been performed using the DPC/PDPS database. However, few psychiatric studies using the administrative database have been performed in Japan.
The aim of this study was to determine risk factors of prolonged LOS in psychiatric patients using the Japanese Administrative Database, known as the DPC/PDPS database.
METHODS

Data source
Japan achieved universal health coverage in 1961; this supported the provision of equal opportunities for health promotion, and patients can choose any hospital with little regard to their socioeconomic circumstances. The details of the Japanese health-care system have been described elsewhere. 19, 20 Hospitals in Japan are classified into four categoriesacute-care, mixed-care, long-term care, and psychiatric -and each hospital can have psychiatric beds based on the License system.
We conducted a retrospective observational study using the nationwide discharge administrative database, the DPC/PDPS system. The details of the DPC/PDPS have been described elsewhere. 21 In short, the DPC/PDPS is a mixed-case patient classification system that has been linked to payments at acute-care and mixed-care hospitals in Japan. The DPC/PDPS-based hospital reimbursement system had been adopted by more than 1400 hospitals by 2011, accounting for more than half of the total 910 000 hospital beds nationwide. Psychiatric patients admitted to and discharged from acute care and mixed-care hospitals were included in the DPC database, although psychiatric hospitals did not participate in the DPC/PDPS system -that is, psychiatric patients from acute-care and mixed-care hospitals were included while psychiatric patients from psychiatric hospitals were not included in this study.
Anonymous clinical and administrative claims data were collected annually for patients from the participating hospitals. Clinical data consist of baseline patient information, diagnosis information using the ICD-10, and detailed medical information, such as all major or minor procedures, medication, and device use. The database also includes purpose of admission, discharge destination, outcome at the time of hospital discharge, and admission status. Hospital information was also collected under the DPC/PDPS. This study was approved by the institutional review board at Tokyo Medical and Dental University and the University of Tokyo. The board waived the requirement for patient informed consent because of the anonymous nature of the data.
Participants
We extracted data on psychiatric patients (ICD-10 codes F00-F99) admitted for a therapeutic purpose from the DPC database in Japan between 1 April 2012 and 31 March 2014. We excluded patients admitted for medical exams, for education, and for planned short-term admission. We also excluded patients using general acute-care beds because such patients needed other treatments for non-psychiatric diseases.
Exclusion criteria were as follows: age younger than 15 years, death during hospital stay, repeated admission/readmission records, unplanned readmission records, planned readmission records with prior admission records, receiving major surgical procedures, missing essential variables or hospital information, and outlier hospital LOS (180 > days). Additionally, patients spending more than 3 nights outside the hospital (day of absence from the hospital within a patient's stay) were also excluded as outliers.
Clinical, procedural, and hospital characteristics
We obtained data regarding both individual-and hospital-level characteristics. The individual variables included age, sex, use of ambulance, discharge settings (outpatient services, finish, transfer to other hospitals, transfer to health-care or welfare facilities, and others), discharge outcome (cured, resolved or remission, unchanged or exacerbation, and others), and admission status (planned, unplanned, and urgent). Admission information in relation to the Act on Mental Health and Welfare for the Mentally Disabled (voluntary commitment and involuntary commitment that comprised hospitalization for medical care and protection, for compulsory, and for emergency reasons) was also extracted from the database. Age was categorized into four groups (years): 15-29, 30-49, 50-64, and 65 and over.
The severity of psychiatric illness was scored using the GAF. GAF scores range from 1 to 100, and higher scores denote better functioning. GAF scores were categorized into five score groups (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . These services are classified by Japanese Procedure codes linked to Administrative claims data, which include all the prices for every procedure performed. The main purposes of these services are reported below; A311 is for acute psychiatric patients, A3113 is for psychiatric patients with urgency or physical disorders (in the hospitals which have emergency and critical care center), and A3112 is for subacute psychiatric patients.
Hospital-level characteristics included academic status (teaching or not teaching), ownership (public or private), psychiatric hospital charge index (7:1, 10:1, 13:1, 15:1), and hospital patient volume. Hospital charge index is related to the nurse-to-bed ratio and is reflected in the per-diem medical expense. For example, a hospital charge index of 7:1 receives a higher compensation than 10:1 as part of the basic medical fees for medical treatment and management during hospitalization (basic medical fee per hospital charge index: 7:1 > 10:1 > 13:1 > 15:1). Hospital patient volume was categorized into lowest quartile (<269 patients per year), interquartile (269-563), and highest quartile (≥564).
Density of psychiatric beds and psychiatrists was calculated using data from public surveys as follows: Survey of Physicians, Dentists and Pharmacists, Survey of Medical Institutions, and Basic Resident Registration. Data for these surveys were obtained from the E-STAT website (http://www.e-stat.go.jp/SG1/ estat/eStatTopPortalE.do).
Each density was obtained per health-care geographical unit, Secondary Healthcare Service Area, 22 and was categorized into lowest quartile, interquartile, and highest quartile. For density of psychiatric beds, the categories were: (i) lowest quartile, <1.83; (ii) interquartile, 1.83-3.58; and (iii) highest quartile, ≥3.58. For density of psychiatrists, they were: (i) lowest quartile, <0.098; (ii) interquartile, 0.098-0.169; and (iii) highest quartile, ≥0.169.
The primary outcome of this study was prolonged LOS. Prolonged LOS was defined by the highest quartile of the LOS distribution.
Statistical analysis
Continuous variables are expressed as mean AE SD or median and interquartile range (IQR), depending on the overall variable distribution, and categorical variables are expressed as proportions.
Descriptive statistics were obtained for all patients and two subgroups (F20-F29, Schizophrenia, schizotypal, and delusional disorders; and F30-F39, Mood [affective] disorders). Selection of these two subgroups was based on the number of patients. We used multivariate logistic regression to identify factors associated with prolonged LOS. We examined the following covariates: age, sex, use of ambulance, discharge settings, discharge outcome, admission status, admission information in relation to the Act on Mental Health and Welfare for the Mentally Disabled, GAF, use of selected medical services for psychiatric patients, academic hospital, hospital ownership, hospital charge index, hospital patient volume, density of psychiatric beds, and density of psychiatrists. Subgroup analyses of the logistic regression were undertaken according to two diagnostic groups (F20-F29 and F30-F39). These subgroup analyses were essential for identifying either consistency of or large differences in the magnitude of relative risk among different diagnostic groups. Multicollinearity between covariates was assessed using variance inflation factor (VIF) and tolerance values.
All statistical analyses were performed using IBM SPSS for Windows, V.23.0 (IBM Japan Ltd, Tokyo, Japan). The analyses were two-tailed, and P-values < 0.05 were considered statistically significant.
RESULTS
Patient characteristics
A total of 48 667 psychiatric patients were identified from the database. As shown in Figure 1 , the cohort included 34 326 patients after exclusions. Table 1 presents the characteristics of patients in this study. The median of the LOS was 32 (IQR 15-60). About one-third of patients were aged 30-49 years (35.0%), and the male/female ratio was 63:36. Most patients were followed up with outpatient services after discharge (88.5%). About twofifths of the patients had GAF scores of 21-30 (38.0%). The most used selected psychiatric service was acute psychiatric beds [A311] (11.7%) followed by confined room [A229] (8.4%). More than twofifths of patients were admitted to academic hospitals (43.9%). More than half of patients were treated at public hospitals (57.2%). About two-fifths of patients were treated at hospitals with an index charge of 15:1 (39.0%). Prolonged LOS was defined as the top quartile of the LOS distribution: 60 days and over for overall cohort, 66 days and over for subgroup F20-F29, and 61 days and over for subgroup F30-F39.
The distribution of LOS is shown in Figure 2 . The distribution is right-skewed and has another small peak where LOS was about 90 days. Table 3 shows the results of logistic regression analyses for the subgroups. Many factors had the same associations with those of the overall cohort while some factors did not show consistent effects. A further analysis, a logistic regression model for the overall cohort adding a diagnosis factor, showed almost the same results as the original model (Table S1 ). None of the VIF values were up to 10, and the mean VIF of the model was less than 6, suggesting there were no collinearity problems.
Factors associated with prolonged LOS
DISCUSSION
We examined the risk factors for prolonged LOS of psychiatric patients in the Japanese Administrative Database. The key findings showed that older age, lower GAF score, several psychiatric services, involuntary commitment, and certain other patient factors were significantly associated with prolonged LOS. Among hospital factors, academic hospitals, public hospitals, and higher density of psychiatric beds were significantly associated with prolonged LOS while higher hospital patient volume was associated with shorter LOS.
Some factors associated with prolonged LOS are consistent with clinical expectations and were previously reported as predictors of LOS, such as lower GAF score, 11, 12 involuntary commitment, 23, 24 and older age. 10 The results also support the idea that several older F20-F29 patients could be chronic and refractory psychotic patients who have fewer social skills and residual symptoms, resulting in prolonged LOS. However, certain other factors that influence prolonged LOS should be considered.
Transferring to health-care or welfare facilities after discharge was associated with prolonged LOS, which is partly because of the time required for careful regulations and planning after discharge.
Our results showed that use of ambulance was associated with shorter LOS. This is partly because the use of ambulance generally indicates acute symptoms of patients at admission and does not reflect chronic conditions requiring longer LOS for discharge. Our results also showed that the discharge setting being 'finish' was associated with shorter LOS. We speculate that this is because some psychiatric patients with moderate symptoms or relatively good prognosis could be discharged with a 'finish' condition. For example, patients with 'F23 acute transient psychotic disorder' recover completely within 2-3 months, often within a few weeks or days of acute onset.
Psychiatric patients with physical disorders tend to be hospitalized at academic hospitals. 25 This situation can partly explain our result that admission to academic hospitals was associated with prolonged LOS, which did not include physical comorbidities. Lower hospital patient volume was associated with prolonged LOS, implying a volume-efficiency or volume-outcome association, although our samples were derived from acute-care and mixed-care hospitals. Our study indicated that lower hospital patient volume is associated with a poor outcome in patients, partly because of the lack of experience accumulation and well-trained medical staff for psychiatric services compared with other hospitals. Further research is needed to examine the volume-efficiency/outcome relation in psychiatric hospitals.
Interestingly, higher density of psychiatric beds was associated with prolonged LOS; alternatively, there is some possibility that lower density of psychiatric beds was associated with shorter LOS. This is partly because hospitals with lower psychiatric bed density may sometimes face situations in which some of their patients need to be discharged earlier without achieving a general end-point of care due to admission of new psychiatric patients. Meanwhile, some studies have reported that decreasing LOS for inpatient psychiatric treatment increased the readmission rate. 26, 27 Further research is needed to evaluate patients' outcomes, such as 30-day unplanned readmission, and to assess the burden on their families.
Our study showed that not only inpatient clinical factors but also institutional characteristics affected prolonged LOS. On the one hand, the results provide useful information for improvement in psychiatric services. On the other hand, the results also imply the need to consider division of roles between health-care/welfare institutions and psychiatricrelated resource allocation -that is, the total optimization of psychiatric services. This implication is supported by the government recommendation that mental disorders should be a new priority in the Regional Healthcare Strategic Plan. 28 
Strengths and limitations
This study has major strengths: It is the largest reported investigation in terms of patient numbers and is derived from a national administrative database in Japan. The database includes detailed medical data and some unique variables, such as discharge settings, discharge outcome, and voluntary/involuntary admissions. The present study has several limitations. First, our study only included patients from acute-care and mixed-care hospitals and did not include patients from psychiatric hospitals due to data availability. Psychiatric hospitals account for approximately 250 000 beds while acute-care and mixed-care hospitals account for approximately 88 000 beds. 29 The present study covered 10 000 beds, which comprised only 3% of overall psychiatric beds. However, studies focusing on psychiatric patients in acute-care/mixed-care hospitals are important because the characteristics of a population of psychiatric inpatients could differ greatly between acute care/mixed-care hospitals and psychiatric hospitals reflecting the differences of hospital functions. In general, the latter hospitals contain more chronic or severe patients while the former contain patients with somatic symptoms. As our study did not cover patients from psychiatric hospitals, some data, such as female/male ratio, did not show general epidemiological data. It is not clear how much our results represent all psychiatric patients due to the lack of validation study. Further analyses are needed to validate the generalizability of our results.
Second, the administrative database did not include some important variables that may affect prolonged LOS, such as detailed clinical information and clinical ratings, although the database has a large sample size and detailed procedural information. Indeed, the database also did not include variables reported to affect LOS: hospital accreditation; 30 use of community care; 31 community activities; 31 and social status, such as living alone. 32 Third, we used prolonged LOS as a proxy measure and believe most patients were discharged as they reached their treatment end-point; however, some of them may have been discharged for other reasons.
Conclusion
Our findings indicate that the analysis of LOS is important in terms of not only achieving health-care outcomes but also appropriate resource allocation. Information management is fundamental to healthcare delivery, 33 although current regional psychiatric health-care planning was not sufficiently based on the administrative database. Interventions should be considered for achieving shorter LOS for psychiatric patients, and empirical data revealing quality improvement, efficiency, and accessibility are strongly required. 
